The quality of the groundwater supplying drinking water to the Guadalajara metropolitan area has deteriorated due to both endogenic and exogenic processes. Previous studies of this complex neotectonic volcanic environment suggest that the sources of contamination here are underground fluids derived from an active volcanic center and surface wastewater derived from regional land-use intensification. This study uses isotopic, gaseous, and chemical signatures to more comprehensively characterize this groundwater flow and its contamination paths. Groundwater is mainly recharged at the La Primavera Caldera to the west and is discharged into the Santiago River to the east. The exception to this trend is the Toluquilla area, where groundwater most likely represents rainfall originating from outside the basin limits. Evaporation affects groundwater in these areas, especially waters that have been affected by recycling below urban areas in the Atejamac area and by intensive agricultural activity in the Toluquilla area. Additionally, we present evidence that groundwater flow through alluvial sediments and tuffs in deeper wells mixes with a lower aquifer unit in basaltic-andesitic rocks, which are in contact with hydrothermal fluids. Groundwater ages range from postbomb in the western and northwestern regions of the study area (i.e., the Atemajac aquifer unit) to Late Pleistocene in the southern and southeastern regions (i.e., the Toluquilla aquifer unit). Recently recharged water records little mixing and is located mostly in or near the La Primavera volcanic system. As groundwater undergoes gravitational flow towards discharge areas, it mixes with older water components. Chloride and sodium concentrations above natural background levels are primarily related to volcanic activity, nitrate is associated with human activities, and sulfate originates from both anthropogenic sources and water-rock interactions. Nitrate originating from land-use activities (such as sewers, septic tanks, landfills, and agricultural fields) that is introduced into the deeper part of the groundwater system is expected to travel with the groundwater to the discharge areas because oxidizing conditions will prevent microbial reduction.
The determination of groundwater age is fundamental to most groundwater issues. This groundwater age represents the transit time of water through a catchment and is therefore a useful parameter for describing catchment processes, such as rainfall response, streamflow generation, and sources and rates of recharge (Cartwright & Morgenstern, 2012; Mahlknecht, Gárfias-Solis, Aravena, & Tesch, 2006a; Stewart, Morgenstern, & McDonnell, 2010) . The groundwater age allows workers to identify and distinguish the impacts of anthropogenic and geological contamination and is necessary for understanding the dynamics of groundwater flow and contaminant transport (Harvey et al., 2006; Horst, Mahlknecht, Merkel, Aravena, & Ramos-Arroyo, 2008; Morgenstern & Daughney, 2012; Morgenstern et al., 2015) .
Determining groundwater age also provides important information for assessing an aquifer's vulnerability to contamination (Eberts, Böhlke, Kauffman, & Jurgens, 2012; Mahlknecht, Medina-Mejía, Gárfias-Solis, & Cano-Aguilera, 2006b; Plummer et al., 2008) . Thus, knowledge of a catchment's groundwater age may help to improve water security and can be used to manage water resources (Böhlke, Jurgens, Uselmann, & Eberts, 2014; Broers, 2004; Kazemi, Lehr, & Perrochet, 2006; Mahlknecht, Horst, Hernández-Limón, & Aravena, 2008) .
Ideally, the groundwater age of a sample represents the transit time of a water parcel in an aquifer system from an inlet (recharge area) to an exit (e.g., a well or spring). This may apply to short-screen tube wells or confined aquifers, where the groundwater recharge area is small relative to its distance from the exit (Małoszewski & Zuber, 1982) . However, it must be emphasized that groundwater can undergo hydrodynamic dispersion or mixing in many aquifer configurations. Therefore, the measured groundwater age in a particular well or spring typically represents a combination of different groundwater ages within the aquifer. This may be the case in catchments with a large recharge area and/or long-screen tube wells, where stratification of the groundwater age is often present (Appelo & Postma, 2005; Morgenstern et al., 2015; Zuber et al., 2005) .
There is compelling evidence that the groundwater below the Guadalajara metropolitan area has been increasingly impaired for drinking water purposes as a consequence of both natural and anthropogenic processes (IMTA, 1992; SIAPA, 2004) . The magma chamber below La Primavera Caldera generates hydrothermally active systems FIGURE 1 Location of study area in Mexico (box), surface geology, water table distribution, locations of wells sampled in the study area, and sections displayed in Figure 2 . GMA = Guadalajara metropolitan area. Black line indicates the delimitation of the Atemajac and Toluquilla aquifer units that are responsible for the vertical upward movement of hydrothermal fluids through faults, which then mix with regional groundwater that may undergo recharge outside of the border of the basin (Hernández-Antonio et al., 2015; Sánchez-Díaz, 2007 ). This groundwater circulates through basaltic and andesitic rocks, forming the deeper Atemajac-Toluquilla aquifer unit below the Toluquilla Valley (Figure 1 ).
It is characterized by elevated temperatures, salinity, and Cl, Na, and HCO 3 contents, and contains Li, Mn, B, and F. However, exogenic groundwater pollution occurs mainly from the infiltration of runoff and sewage effluents throughout the urban area of Guadalajara, as well as from return flow from agricultural fields in the Toluquilla Valley (Hernández-Antonio et al., 2015; SIAPA, 2004) . These waters are characterized by their low temperatures, variable salinity, and high concentrations of NO 3 and SO 4 , as well as by their elevated concentrations of Cl and Na.
Guadalajara's aquifer is a typical complex groundwater system, featuring a relatively deep water table (up to 150 m below ground level) and vertical flows that preclude the use of a simple flow model. However, relatively little information is available about its hydrogeological settings, well constructions, and water table configuration. Preferential groundwater flow may also account for additional local groundwater discharge (Hernández-Antonio et al., 2015) . Thus, we propose an appropriate method for evaluating groundwater age distribution in order to evaluate the flow dynamics and contamination in this region.
Three-dimensional distributed-parameter groundwater-flow models with particle tracking have been successfully used by numerous investigators to anticipate the effects of non-point-source contaminant loading at the water table on production wells Kauffman, Baehr, Ayers, & Stackelberg, 2001; McMahon et al., 2008) .
However, these methods are generally expensive and time-consuming.
As a cost-effective alternative, we propose a lumped-parameter model (LPM) coupled with tracer input functions and measured concentrations (Maloszewski & Zuber, 1996; Morgenstern et al., 2015; Zuber, 1986) . LPMs are based on simplified aquifer geometries and flow configurations and may account for the effects of mixing and dispersion in the aquifer and at the borehole well. They relate the tracer concentration measured in a sample to the history of the tracer input in recharge to the aquifer .
Numerous studies have used isotopes and gaseous tracers in combination with LPMs in complex groundwater systems around the world to monitor the security of the global drinking water supply (e.g., Eberts et al., 2012; Jurgens, Böhlke, Kauffman, Belitz, & Esser, 2016; Morgenstern et al., 2015; Plummer et al., 2008; Turnadge & Smerdon, 2014) . To date, however, only a few of these studies have been implemented in Mexico, using simplified LPMs such as piston flows or exponential mixtures (e.g., Horst et al., 2008; Mahlknecht et al., 2006a Mahlknecht et al., , 2008 .
Tritium and chlorofluorocarbons (CFCs) are environmental pulse tracers derived from the atmosphere that are used as dating tools of young water (i.e., on timescales of 50 years or less; Cook & Solomon, 1997; Newman et al., 2010) . Dating of these tracers is based on knowledge of the local input function and the measured concentration of tritium in the groundwater. The tritium concentration in the atmosphere -and thus in young groundwater-recently decreased in North
America from its maximum value at the bomb-tritium peak of the 1960s, ultimately reaching prebomb values around 1992 (Eastoe, Watts, Ploughe, & Wright, 2012) . Horst et al. (2008) estimated the local input function of tritium in an area near Guadalajara using International Atomic Energy Agency/Global Network of Isotope in Precipitation data from its two closest stations (Chihuahua and Veracruz). In contrast, the historical atmospheric concentration of CFCs-and thus the air-mixing ratios recorded in groundwater-is very well documented (Clark & Fritz, 1997; Cook & Solomon, 1997; Kendall & McDonnell, 2012; Leibundgut, Maloszewski, & Külls, 2009 ).
Radiocarbon ( 14 C) is the leading tool for estimating the age of paleoand fossil groundwater, which can be used to date samples that are hundreds of years to approximately 35,000 years old (Clark & Fritz, 1997; Li et al., 2015) . Radiocarbon dating is usually performed by measuring the loss of the parent radionuclide ( 14 C) in the dissolved inorganic carbon (DIC) of a given groundwater sample. Because chemical reactions and the evolution of carbonate systems may dilute the initial 14 C activity in the DIC, this age must be adjusted geochemically (Clark & Fritz, 1997; Kalin, 2000; Vogel, 1970) . Carbon-13-mixing models (e.g., Fontes & Garnier, 1979; Ingerson & Pearson, 1964) are very useful in correcting 14 C ages.
These adjustment models use measured 13 C, combined with 14 C activity and a series of other parameters (e.g., alkalinity, pH, and temperature).
The objectives of this study are four-fold: (a) to evaluate groundwater flow patterns in the Guadalajara area, (b) to estimate groundwater residence times, (c) to assess contamination trends and aquifer vulnerability to surface sources, and (d) to provide recommendations for groundwater protection and management. The combination of methods presented here may also be applied to other catchments in Mexico.
This study uses the classification scheme developed by Hernández-Antonio et al. (2015) . Based on groundwater composition and M3 (Laaksoharju, Skårman, Gómez, & Gurban, 2009) (CONAGUA, 2015a (CONAGUA, , 2015b . The most important waterway in this area is the Santiago River, which flows through a canyon that is over 500 m deep to the east and north of the GMA (Figure 1) Gutiérrez-Negrin, 1988; Urrutia-Fucugauchi et al., 2000) .
Hydrogeologically, these valleys are underlain by two aquifers CONAGUA, 2015a CONAGUA, , 2015b SIAPA, 2004 (Ramírez, del Razo, & Mata, 1982) . This aquifer contains geothermal fluids and features a vertical upward flow, especially in the Toluquilla Valley (Venegas et al., 1991; SIAPA, 2004) . Chloride mass balance calculations indicate that approximately 11% of water in the upper aquifer of the La Primavera caldera originates from the lower aquifer (Sánchez-Díaz, 2007) .
| MATERIALS AND METHODS

| Field and laboratory methods
Twenty water samples collected from wells were analyzed for their major and minor ions, isotopic ratios ( 2 H, (Table 1) . Wells were almost always completely screened.
Samples used for cation and silica measurements were acidified using ultrapure HCl to reach a pH of <2, and all samples were stored in the laboratory at a constant temperature of 4°C. Dissolved cations and anions were measured using inductively coupled plasma mass spectrometry and ion chromatography, respectively. Duplicates of selected samples were analyzed using inductively coupled plasma optical emission spectrometry and ion chromatography, following standard methods (APHA, 2012). Sample collection and measurement of CFC-11 (CCl 3 F), CFC-12 (CCl 2 F 2 ), and CFC-113 (CCl 2 FCClF 2 ) were performed using the methods described by Oster, Sonntag, and Münnich (1996) . Samples were collected in 500-mL glass flasks with ground necks that were stored in water-filled containers to prevent contamination. After undergoing preconcentration using a purge-and-trap technique, analyses were performed at Spurenstofflabor, Wachenheim, Germany, on a gas chromatograph with an electron-capture detector. These results are reported in pmol/L. The detection limit was close to 10 −4 pmol/L, thus allowing the measurement of CFC concentrations as low as 0.01 pmol/L. For water samples, the measured 1σ reproducibility was better than ±5%.
Tritium ( 3 H) was analyzed at the Environmental Isotope Laboratory, University of Arizona (Tucson, AZ, USA). The electrolytical enrichment method used was similar to that of Oestlund and Werner (1962) .
Counting was performed using a Quantulus 1220 liquid scintillation spectrophotometer (PerkinElmer, Waltham, MA, USA). Tritium concentrations are reported in tritium units (TU), in which 1 TU is equal to one tritium atom in 10 18 hydrogen atoms. The detection limit was 0.3 TU, and the analytical precision of each measurement was typically better than ±10%.
Carbon-13 ( 
| Interpretation methods
Chlorofluorocarbons are environmental tracers that can be used to date young groundwater (Mahlknecht et al., 2006b; Newman et al., 2010; Stewart, Morgenstern, McDonnell, & Pfister, 2012) . The atmospheric concentration of CFCs is relatively uniform in the Northern
Hemisphere, which facilitates the calculation of initial mixing ratios in groundwater. However, local sources from cities and industries, sorption, or even the sampling process may affect the levels of CFCs measured within a sample (Plummer et al., 2001) . Additionally, microbial degradation may occur under reducing conditions (Cook & Solomon, 1995; Plummer et al., 1998) . In the aquifer system studied here, it is unlikely that microbial degradation of CFCs has taken place due to its generally oxic conditions, in which the DO content ranges between 3.3 and 7.9 mg/L (Table 1) . However, contamination from local sources, such as industries and landfills, as well as return flow from irrigated land, makes it challenging to perform accurate age dating on these samples. In several cases, various CFCs do not yield concordant ages. Tritium concentrations are frequently near the limit of detection, which also prevents correct age dating. Thus, in this study, CFCs and tritium were only used as qualitative age tracers.
Radiocarbon was used to evaluate older (>1 ka) groundwater in the Atemajac-Toluquilla aquifer system. Unadjusted 14 C ages were calculated from measured 14 C activities of DIC using the Libby half-life (5,568 years) and assuming an initial 14 C activity (a 0 ) of 100% modern carbon (pMC). In the age-adjustment process, samples were divided Note. T = temperature; EC = electrical conductivity; DO = dissolved oxygen; WT = water table. Water samples were classified into four groups according to Hernández-Antonio et al. (2015) , based on multivariate analysis: CG = cold groundwater; PG = polluted groundwater; MG = mixed groundwater; HG = hydrothermal groundwater.
into two groups and treated differently. Age adjustments for samples in the recharge area (group CG) were made using the formula-based F&G adjustment model (Fontes & Garnier, 1979) . This model considers a two-stage evolution of recharge waters, accounting for the dissolution and isotopic exchange of carbonate minerals with CO 2 in the unsaturated zone, as well as isotopic exchange with carbonate rocks in the saturated zone (Clark & Fritz, 1997; Plummer & Glynn, 2013; Plummer, Prestemon, & Parkhurst, 1991) .
Age adjustments for nonrecharge samples (groups MG and HG)
were performed using NetPathXL (Parkhurst & Charlton, 2008) , which is a revised version of NETPATH (Plummer, Prestemon, & Parkhurst, 1994) were CO 2 (gas), calcite, gypsum, albite, potassium feldspar, biotite, halite, amorphous silica, Ca/Na ion exchange, and kaolinite. These phases are believed to be reactive, based on lithological and mineralogical data (Mahood, 1980 (Mahood, , 1981 Sánchez-Díaz, 2007) A series of models (original data, mass balance, Vogel, Tamers, Mook, and
Fontes & Garnier) were used to compute A nd , and a range of obtained ages are reported to account for uncertainty (Plummer et al., 1994) .
Several assumptions were made for both the recharge and nonrecharge waters. The 14 C activity and δ
13
C value of dissolved carbonate minerals were set as 0 pMC and 0‰ VPDB, respectively. The 14 C activity of soil CO 2 in all samples is approximately 100 pMC (Kalin, 2000) , with the exception of sample no. 35, which is clearly a modern water sample and therefore has a higher initial activity of 105 pMC, as has been reported in previous studies (e.g., Horst, Mahlknecht, López-Zavala, & Mayer, 2011 (Table 2 ). In general, it tends to fall slightly below and parallel to the RMWL, likely representing the incorporation of precipitation of a different origin, such as rainstorms originating from outside the basin limits (e.g., Mahlknecht, Schneider, Merkel, de Leon, & Bernasconi, 2004) . These samples also record isotopic depletion, indicating that recharge by meteoric water is low; this is further supported by the presence of a deuterium excess ranging from 4 to 8‰, with an average value of 5.5‰ (Hernández-Antonio et al., 2015).
| Groundwater age
A direct indicator of groundwater flow and the migration of contaminants is that of groundwater age. Age tracer results are shown in Table 2 . Figure 5f ).
All samples record detectable levels of CFCs (Table 2) . which indicates that all sampled groundwater contains at least a small fraction of water recharged after 1940. Closer analysis of these results reveals additional information. For example, sample 12 (Agua Azul), which was collected from the Guadalajara urban area, is an outlier, indicating that it was affected by local pollution and is therefore not viable for age dating. ratios plotting off the model line could also be due to the degradation of CFC-11 or CFC-12 (Plummer, Busenberg, & Cook, 2006) . Figure 6b indicates that most CFC-12 and CFC-113 data plot along the exponential mixing and dispersion line, thus demonstrating the viability of these two LPM models. As mentioned above, points lying off of this curve may indicate that contamination or degradation of CFC-12 and/or CFC-113 has occurred (Plummer et al., 2006) . groundwater is of the Na-HCO 3 water type, which is characterized by low temperatures, salinities, and Cl and Na contents, as well as elevated NO 3 concentrations and relatively high tritium (0.5-2.9 TU), CFC-12 (generally >1.0 pmol/L), CFC-13 (0.8-2.2 pmol/L), and radiocarbon (68-103.5 pMC) activities (Table 2 ). These data indicate that little mixing of flow paths has occurred and that recent recharge originated from pristine soils and return flow from agricultural plots.
In general, the temperature and salinity of the groundwater increase along the flow path through the upper aquifer (alluvial sediments and Tala Tuff) due to the admixture of regional groundwater from the lower aquifer unit (basaltic-andesitic rock formations) and hydrothermal fluids produced by the magma chamber below La Primavera Caldera. Geochemical modeling indicates that the contribution of hydrothermal waters approaches 0.5% in the northern-central region (Atemajac Valley) and 20% in the southern region (Toluquilla Valley; Table 2 ). Groundwater in deep wells from the Toluquilla area are Mg-HCO 3 and mixed HCO 3 waters, characterized by elevated temperatures, salinity, and Cl, Na, and HCO 3 contents, as well as low contents of tritium (<1.7 TU), CFC-12 (0.3-0.5 pmol/L), CFC-13 (0.03-0.07 pmol/L), and radiocarbon (0.9-6.6 pMC). The isotopic composition of this groundwater thus confirms that the waters from shallow and deep rock materials are interconnected.
A second, more local trend is observed in groundwater that circulates through the upper aquifer (i.e., the Tala Tuff Formation) in the direction of urban Guadalajara. These waters are affected by anthropogenic pollution, resulting in the generation of a Na-SO 4 to mixed-HCO 3 water type with relatively high contents of SO 4 , NO 3 , Na, Cl, and tritium (>2 TU). In general, these sites record CFC contamination that can potentially be attributed to landfills or industrial processes.
FIGURE 4 Atmospheric concentrations of transient tracers measured as a function of time. Tritium input function is estimated using the IAEA-GNIP network data from the two closest stations, Veracruz and Chihuahua (Horst, Mahlknecht, & Merkel, 2007) . Chlorofluorocarbons (CFCs) were measured at Niwot Ridge, Colorado, USA (USGS, 2015)
FIGURE 5 Radiocarbon activity in the Atemajac-Toluquilla aquifer system vs. (a) tritium, (b) carbon-13, (c) alkalinity, (d) nitrate content, (e) temperature, and (f) oxygen-18
| Assessment of groundwater ages
To a first order, the presence of detectable CFCs and tritium in groundwater is evidence that post-1950 recharge has occurred in the study area. However, the presence of CFCs and tritium in more evolved groundwater samples indicates that water leakage has occurred between the upper and lower aquifer units in the well. This is a very common aspect of Mexican public wells, which are almost always completely screened and thus capture different aquifer units. These wells may also be affected by return flow in irrigated areas, especially in Toluquilla Mahlknecht et al., 2006a; Mahlknecht et al., 2008) .
The cold groundwater of the upper aquifer likely underwent mixing with lower-aquifer water to a detectable extent, so that its CFC concentrations were not attenuated. The geochemical data presented in Figure 5 are consistent with mixing between upper and lower aquifer waters (i.e., mixed and hydrothermal group waters); waters in the upper aquifer's "cold groundwater" category are consistent with having undergone mixing with different types of dissolved rock carbon.
The interpretation of CFC gas tracers depends on the age of the atmosphere preserved in the infiltrating water as it reaches the water table, which ranges in its depth from 25.0 to 95.6 m below ground level (Table 1) . Because of diffusion processes, travel time delays or lag times of up to 30 years can occur. This indicates that mean residence time values must be reduced by these lag time values in order to obtain correct age estimates. Cook and Solomon (1995) and later Engesgaard et al. (2004) each developed an analytical correction model assuming exponential or linear increases, respectively, of CFCs in the unsaturated soil zone; these models can be applied to correct for this lag time.
However, these correction models do not take into account the continuously declining water table (which has receded by some tens of meters over the past 50 years), barometric pumping (Nilson, Peterson, Lie, Burkhard, & Hearst, 1991) , and considerable groundwater fluctuations (Li & Jiao, 2005) . Therefore, residence times computed from CFCs are erratic.
Radiocarbon activities are generally less influenced by water table fluctuations, pumping, and sampling because the atmospheric partial pressure of CO 2 is lower than that of soil CO 2 , and degassing only produces minor fractionation (Clark & Fritz, 1997) . This explains why CFC-
14
C tracer-tracer plots often do not match. Additionally, the CFC age values of hydrothermal water are older than the maximum age that can be measured by CFC age dating (50 years), which makes this tracer a less reliable age indicator. These observations demonstrate that measured CFC values can better serve as an indicator of potential surface contamination than as an age dating tool.
The combination of P CO2 , DIC, and δ 13 C DIC data can reflect recharge conditions (Li et al., 2015) . In contrast, NO 3 contents are relatively high in some local cold waters but are insignificant in hydrothermal and mixed waters. This is important because all sites with high NO 3 contents are located in and near recharge zones in the western region of the study area (i.e., (Guo, Wang, Gao, & Ma, 2007 Ramírez, & Mahlknecht, 2014) .
The map of CFC-12 concentrations in Figure 7 indicates a degree of vulnerability to surface sources of contamination. A trend can be observed in which sites with higher CFC concentrations have greater expected contributions from vertical surface sources. This distribution suggests that the Atemajac aquifer system, which includes much of the GMA, is highly vulnerable to surface contamination. The Toluquilla aquifer system records relatively low vulnerability, with the exception of those sites located near the La Primavera Caldera. This interpretation is consistent with the pattern of recharge outlined above and is supported by the distribution of measured NO 3 concentrations in the study area. Unfortunately, due to the limited number and inadequate spatial distribution of samples in this study, our ability to assess intrinsic vulnerability is limited. For instance, the eastern part of the study area is not sufficiently covered by sampling sites. However, it is expected that groundwater vulnerability increases towards the Santiago River.
| SUMMARY AND CONCLUSIONS
Natural and anthropogenic processes have impaired the groundwater quality of the aquifer system that underlies and provides water to the GMA. Faults in this complex neotectonic environment facilitate the vertical upward movement of hydrothermal fluids from the magma chamber below the La Primavera Caldera. These fluids mix with regional groundwater in the lower aquifer unit and local groundwater in the upper aquifer unit. This groundwater is also polluted by urban wastewater sewage and agricultural irrigation cycling. In this study, several elements of interest (i.e., chloride, nitrate, sulfate, and fluoride)
were investigated in detail in relation to groundwater flow patterns.
Local groundwater is formed primarily by the infiltration of rainfall over the La Primavera Caldera in the central western region of the study area, followed by the variable influence of evaporation. Groundwater flows to the northeast in the Atemajac Valley and to the southeast in the Toluquilla Valley, before discharging into the Santiago River.
Groundwater from recharge zones is of the Na-HCO 3 type and records little mixing. In contrast, groundwater from nonrecharge zones is of the Mg-HCO 3 and mixed-HCO 3 type, which records mixing with prebomb waters, and the Na-SO 4 to mixed HCO 3 type, which records urban anthropogenic pollution.
This mixing phenomenon is mainly caused by bore leakages. Geochemical models indicate that the contribution of hydrothermal waters reaches a maximum of 0.5% in the upper aquifer portion of the Atemajac Valley and a maximum of 20% in the upper aquifer portion of the Toluquilla Valley. Radiocarbon age dating reveals that groundwater from recharge zones is generally modern, whereas the age of groundwater from nonrecharge zones varies from zero age to 27 ka.
Although the spatial distribution of CFC concentrations correlates with those of tritium and radiocarbon, these tracers may not produce reliable age estimates due to evaporation effects and uncertain lag times in the thick unsaturated zone. Additionally, several sites in urbanized and industrialized areas are contaminated, which makes it impossible to determine ages.
Elevated nitrate levels in groundwater are mostly concentrated in or near recharge zones in the western region of the study area. These inputs come from urban drainage systems and fertilizer use over the past several decades. Nitrate levels are expected to continue increasing in the future, regardless of whether nitrate pollution is controlled. Fundación FEMSA had no role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript.
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